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Summary 
A three-dimensional (3-D) electron fluid model has been developed as a stepping stone to fully 

describe the electron current flow across magnetic fields inside a vacuum chamber and to provide electron 
flux to solar arrays for a spacecraft surface charging model. The physical and numerical models of the 
electric potential solver, including finite-volume formulation and the treatment of boundary conditions, 
are presented in this paper. Verification tests of the model are presented. 

1.0 Introduction 
While electric propulsion (EP) plume models need to accurately predict on-orbit operations of EP 

thrusters, the models are most often validated through comparisons with experimental data measured in 
ground-based vacuum facilities. Predicting the behavior of a flight system requires a deep understanding 
of both component- and system-level interactions, including thruster, cathode, and facility effects, such as 
background pressure, electrical, and carbon backsputter effects. In order to better understand the testing 
environment of ground vacuum chambers, which is absent in space, it is critical to understand both the 
motion of heavy particles in the plume and the movement of bulk electron flows. While the background 
pressure effects have been extensively studied in the past (Refs. 1 to 6), there is still limited understanding 
of how electrons in the plume of EP thrusters travel through and interact with the metallic conductive 
walls of vacuum chambers. Recent studies have suggested that the presence of conducting walls provides 
alternate pathways for electrons to travel from the cathode and serve as a recombination site (Refs. 7 and 
8). This electrical facility effect can become more significant for higher power thrusters operating in 
vacuum facilities. Since this effect is absent in orbit and simulations are most often validated with the data 
in these facilities, the transport of electrons in a vacuum chamber needs to be better understood and 
simulated with more detailed physics. 

A conventional way to simulate electrons in the plume of EP thrusters is to assume the Boltzmann 
relation. This method is simple and useful for isothermal, collisionless, and unmagnetized regions, but has 
major limitations for Hall thruster plume simulations. First, the electron temperature gradient in the plume is 
not negligible as it can vary by more than an order of magnitude from the near field to the far field. Second, 
the magnetic field strength is still strong in the near-field plume as the field leaks into the plume. In order to 
improve the fidelity of electron model, early work by Boyd and Yim (Ref. 9) demonstrated the viability of 
using the generalized Ohm’s law and steady-state current conservation equation approach to solve for 
electron current flows for a Hall thruster plume, assuming negligible magnetic fields. This work was further 
demonstrated on a cluster of Hall thruster plumes by Cai and Boyd (Ref. 10). In both cases, the authors 
demonstrated the difference in plume structures between their approach and the traditional Boltzmann 
relation approximation used in plume codes, which enforces exactly zero electron current everywhere in the 
plume such as the Coliseum tool described by Brieda and VanGilder (Ref. 11). The work in References 9 
and 10 was further improved by Choi and Boyd (Ref. 12) by including a full-electron mobility tensor to 
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